Influencing Factors of Carbon Emission in China's Road Freight Transport  by Wang, Tianyi et al.
 Procedia - Social and Behavioral Sciences  43 ( 2012 )  54 – 64 
1877-0428 © 2012 Published by Elsevier B.V. Selection and/or peer review under responsibility of Beijing Jiaotong University [BJU], Systems
Engineering Society of China (SESC)
doi: 10.1016/j.sbspro.2012.04.077 
8th International Conference on Traffic and Transportation Studies
Changsha, China, August 1–3, 2012 
Influencing Factors of Carbon Emission in China's Road 
Freight Transport 
Tianyi Wanga, Hongqi Lia,*, Jun Zhangb and Yue Lua
a School of Transportation Science and Engineering, BeiHang University, Beijing 100191, China 
bSchool of Economics and Management, BeiHang University, Beijing 100191, China 
Abstract 
The paper aimed at identifying the impacts of factors on carbon emissions from road freight transport and predicting 
its future tendency. Carbon emissions from road freight transport were estimated through the method provided by 
Intergovernmental Panel on Climate Change (IPCC). The impacts of factors of road freight transport were 
summarized, and contributions of the factors were calculated based on the complete decomposition approach. A 
Partial Least Squares Regression model and a Multiple Linear Regression model were established to predict carbon 
emissions from road freight transport in China.  
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC).   
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1. Introduction 
In the “12th five-year plan” of China, low carbon has been involved in the national economic and 
social development program as a binding target. Since transportation is both a vital part of the national 
economy and an important means to achieve development, it should be included in the scope of low-
carbon economy. Road freight transport has contributed a lot to the carbon emissions in the transportation 
sectors; it plays a significant role in the low-carbon transportation system. Consequently, analyzing the 
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influencing factors of road freight transport carbon emissions, finding out the main drivers of its high 
values and then forecasting the future emissions effectively will help to reduce the carbon emissions.  
There have been some literatures for the influencing factors of the transport sector energy consumption 
and carbon emission, which are of great help for this paper. Lorna A. Greening, Mike Ting, and William 
B. Davis(1999), I.J. Lua, Sue J. Linb and Charles Lewisc (2007),Christopher Yang, David McCollum, 
Ryan McCarthy and Wayne Leighty (2009) have utilized the Divisia index method to measure the freight 
road transport emissions in their own countries or other countries,and have the situations analysed; 
Fatumata Kamakat and Lee Schipper(2009) has studied the energy consumption and carbon emissions 
through the Laspeyres decomposition method; Zhang Ming(2009) has researched China's overall energy 
consumption by the complete decomposition way, which is the method used in this paper; Tian 
Jianhua(2008) has applied partial least-squares regression method to predict the transport sector energy 
demand in China. Based on the above, we have come up with quantitative analysis for the influencing 
factors of China's road freight transport carbon emissions and predicted its future trends. 
2. The variation characteristics of road freight transport carbon emissions in China 
To analyze the situations of road freight transport carbon emission, there is a need to obtain the 
specific values of them. The calculation thought is as below: First, the two main transportation subsectors, 
including gasoline and diesel vehicles are analyzed to identify the road freight energy consumption, then 
we use the formula offered by the IPCC to figure out the carbon emission. 
2.1. The overall situation of road freight carbon emissions in China 
According to the IPCC Guidelines (IPCC,1995), CO2 emission can be calculated from the formula in 
Eq. (1) below. And the meanings of the variables and constants in the formula have been shown in Table1. 
The fuel consumption statistics, which could be calculated and measured in mass units (103 tonnes), have 
been converted to equivalent energy units by applying the fuel specific net calorific values (NCV, in 
Table 2) for emission estimations. It permits conversion of activity data (i.e. fuel consumption) to a 
common energy unit of terajoules or petajoules(TJ or PJ). The carbon emission factor (CEF), carbon 
stored and fraction of carbon oxidized (%) are offered by the IPCC as well. 
  12/44110 3 uuuuuu  OCSCEFNCVFCE                                        (1) 
Table 1. The meaning of variables and constants in the formula 
E CO2 emisson(million tonnes) 
FC fuel consumption(103 tonnes) 
NCV the fuel specific net calorific values˄TJ/103tonne˅
CEF the carbon emission factor(tC/TJ) 
CS carbon stored 
O traction of carbon oxidized (%) 
Table 2. The relevant coefficient of the calculation 
Fuel type NCV˄TJ/103tonne˅ CEF(tC/TJ) O 
gasoline 44.80 18.9 1 
diesel 43.33 20.2 1 
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The results are shown in Figure 1. The road freight turnover has risen from the 469.46 billion ton-
kilometres in 1995 to 975.42 billion ton-kilometres in 2006 (Source: "China Statistical Yearbook 2010", 
National Bureau of Statistics). The emissions of the gasoline and diesel subsectors could be seen in Figure 
1, We can easily find out that the carbon emissions of diesel vehicles increased significantly, from 29.2 
million tons in 1995 to 110.7 million tons in 2006, with a growth of 279.1 percent and the annual average 
growth rate of 25.4%; emissions of gasoline grow in a respectively slow way, which are 31.7 million tons 
in 1995 and 60.5 million tons in2006, and had reached a growth of 90.9 % and an average annual growth 
rate of 8.3%. The China's total carbon emissions from road freight transport leap from 60.9 million tons in 
1995 to 171.2 million tons in 2006, with a growth of 181.1 percent. Moreover, the road freight transport 
carbon emissions show a strong stage characteristics, which in general can be divided into two phases: the 
first is from 1995 to 2002 with the average annual growth rate of 1.5%; the year 2003 to 2006 is the 
second stage, with a rapid growth in carbon emissions, and these three-year growth rates have achieved 
10.1%, 14.1% and 13.5%. 
The increasing trend of carbon emissions of diesel cars is evident. This is partly because from a 
technical perspective, the compression ratio of diesel engines is higher than that of gasoline engines, 
meanwhile the diesel thermal efficiency varies from 22% to 24%, and gasoline engine thermal efficiency 
is from 16% to 18%, that is to say under the same displacement conditions, the diesel vehicles could save 
more fuels than the gasoline ones with a fuel-saving rate of 18%-30%(Wu Wenhua, Fan Hua, Li 
Liancheng&Yang Hongnian,2008). And in that way the diesel vehicles are more cost-effective than the 
gasoline ones, as a result a lot of freight companies would rather choose the diesel vehicles; and on the 
other hand the carbon emission factor of the diesel fuel itself is bigger than that of gasoline, that means 
the carbon emission produced by diesel fuel consumption per unit is bigger than that by gasoline.  
And the significant increase in carbon emissions of road freight transport in recent years is due to the 
accelerating industrialization period we are faced with, and the salient features of this period is the strong 
correlation between the industrial GDP and road freight transport- industrial development brings about 
the increasing demand for freight transport, while the road freight transport sector is an important freight 
subsector, and then result in a large amount of related carbon emissions. 
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Fig. 1. The emissions of the gasoline and diesel vehicles in the road freight subsector 
2.2. The induction of the influencing factors of the road freight transport carbon emissions in China 
There are many influencing factors of China's road freight transport carbon emissions, the following 
are the summary of some main factors.  
(1) The level of domestic economic development, which is measured by the gross domestic product 
(GDP). In this paper, we adopt the data of GDP and road freight transport carbon emissions from 1995 to 
2006for fitting, and the correlation between them obtained up to 0.98.  
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(2) The degree of industrialization. The significant increase in China's industrialization and 
urbanization process brings about more carbon emissions in the road freight transport sector. In fact, a 
large part of the road freight transport services are for the industrial materials or products, and therefore 
carbon emissions of road freight transport and the degree of industrialization may be relevant. What’s 
more, the rate of industrialization and urbanization are the two important indicators commonly used to 
measure the degree of industrialization, and we could find out that both of them share a strong correlation 
with the carbon emissions of road freight transport. Consequently the industrial rate will be included in 
the decomposition model of road freight transport carbon emissions, while the urbanization rate will be 
incorporated into the predicting models for research. 
(3) The correlation between the industry and the road freight transport. The development of heavy and 
chemical industry needs a strong support of transportation, which is the main reason for the growth of the 
road freight transport. According to the 2009 input-output table, if divided by the industrial structure, the 
proportion of China's freight turnover assigned to the first, second and third industries was 5.4%, 71.2% 
and 23.4% (Source: "China Statistics 2010" , National Bureau of Statistics), among which the secondary 
industry (including industrial and construction) was the largest share, and since the road transport is 
dominant in freight transport, the correlation between the road freight transport and industrialization will 
also impact on carbon emissions in the road freight subsector. 
(4) The problem of the highway freight enterprises. In the road freight market of our country, small 
businesses and individual households are in the majority, which are small, weak, and not standardized in 
management, leading to great waste of energy. And this can result in unreasonable rise of carbon 
emissions in the road freight transport. 
(5) The cleanliness of energy and the energy efficiency. The carbon emissions produced by the per unit 
energy consumption could serve as a measure of cleanliness of energy( Ma Zhonghai,2002). For the 
present stage of our road freight, the type of energy is mainly gasoline and diesel, so the cleanliness of 
road freight energy is mainly decided by the ratio of gasoline and diesel fuel. According to the IPCC, 
small changes of the emission factors over time could be negligible, but obviously the ratio of petrol and 
diesel is constantly changing, so the carbon emissions produced by the per unit energy consumption is 
constantly changing as well. 
(6) The level of vehicle technology. This also has a direct impact on carbon emissions for road freight 
transport. Some new technologies will play a huge role in the reduction process of the road freight 
emissions, such as the development of alternative energy vehicle technology. 
(7) The average load of the road freight transport. It has been proven that no-load rate has a great 
relationship with the carbon emissions efficiency( Jacques Leonardi & Michael Baumgartner,2004). We 
adopt the carbon emissions and the average load of the road freight transport from 1995 to 2006 to 
calculate the correlation coefficient, and the result is -0.7203603, which shows a negative correlation 
between the two sets of variables.  
(8) The distance of transportation. In order to achieve energy saving of the road freight industry, the 
decision makers may consider ways to reduce the corresponding transport turnover; that is to say, while 
maintaining the economic development, we could take measures such like optimizing the industrial layout 
to reduce the average distance, thus controlling or even reducing the road freight turnover, thereby 
reducing the corresponding carbon emissions in the final. 
3. The contribution of the influencing factors on the carbon emission changes 
The carbon decomposition models established in the current literature only consider some areas, such 
as industry, manufacturing industry, and there has been little research for the road freight industry's 
carbon emissions; while some foreign literature have studied on road freight transport carbon emissions, 
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they still follow some of the carbon emission models for the overall transport research, and fail to model 
combined with the inherent characteristics of the road freight transport itself. Clearly, different index 
factors considered lead to different decomposition results. And relevant factors not taking into account 
will be implicit in the decomposition effects of other factors, which could result in unreasonable 
decomposition results. 
Therefore, in this paper we have extended the current decomposition models in three respects: 
(1) More integration of the specific characteristics of road freight transport. We integrate the various 
factors affecting the road freight carbon emissions mentioned in the previous chapter and put them into 
the model; 
(2) Differing from the transparency of statistics in foreign countries, A lot of relevant statistical data in 
China is not public, so in the establishment of this model we could only consider the statistical yearbooks 
and public data, and fully utilize them as far as possible; 
(3) Prior to the Laspeyres or Divisia methods commonly used in the road freight transport carbon 
emissions, complete decomposition approach is residual-free, and we use this method to make our results 
more reasonable. Actually, the measurement error of Laspeyres or Divisia index method is greater, since 
the more influencing factors, the greater measurement error there will be. So they are only suitable for 
some rough estimate. Compared with Laspeyres and Divisia method, complete decomposition approach 
could achieve more accurate measurement results and avoid errors caused by parameters. In addition, 
complete decomposition approach is simpler, and free of the process of the parameters solving. It can be 
said that the complete decomposition approach has certain superiority both for the model itself and in the 
practical application.
The expanded model includes the several important factors in the previous chapter. And based on the 
complete decomposition model and the relevant data from the year 1995 to 2006, we make a quantitative 
analysis of the contribution for the influencing factors on the road freight carbon emissions. 
The carbon emissions in the road freight transport sector can be expressed as the following Eq. (2): 
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The meaning of variables is shown in Table 2.  
Table 2. The meaning of variables in the formula 
t Year 
CEt the road freight carbon emissions in the year t(107 tonnes) 
Et the road freight energy consumption in the year t˄105PJ˅
Lt the road freight tonnage in the year t ˄106 tonnes˅
Nt the road freight vehicles in the year t˄106˅
Bt the road freight enterprises in the year t˄106˅
Tt the road freight turnover in the year t (1012 ton-kilometres˅
Ft the volume of the road freight transport in the year t (1010 tonnes˅
It industrial output value in the year t  (1013 Yuan)
Gt GDP in the year t  (1013 Yuan)
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According to the complete decomposition approach, the changes in the road freight carbon emissions 
can be decomposed into carbon intensity effect(CIeffect), the level of vehicle technology(TIeffect), vehicle 
load effect(LIeffect), the scale of road freight enterprises (SIeffect), the number of road freight 
enterprises(QIeffect), distance effects(DIeffect), the relation between road freight and 
industrialization(RIeffect),the degree of industrialization(IIeffect) and economic growth effect (GIeffect), which 
has been shown as the Eq. (3): 
0t
effect effect effect effect effect effect effect effect effectCE CE CE CI TI LI SI QI DI RI II GI'                         (3) 
According to the complete decomposition approach provided by Sun (Sun J.W. & Ang B.W.,2000)., 
the contribution of the factor ix  to the changes of the road freight carbon emissions is as the Equation (4): 
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If fully expanded, the commencement of each of these factors alone will be up to 547 items; in 
addition, there is a need to calculate the value of nine factors during 12 years, which means very 
complicated process and huge calculation. Therefore, we come up with a MATLAB program to simply 
calculation.
Road freight transport energy-related carbon emissions and energy consumption values could be 
obtained from the above results; freight tonnage, the number of vehicles and business households, cargo 
statistics, industrial output and GDP values refer to the "China Statistical Yearbook 2010." Finally, the 
results are as follows: 
Table 3. The complete decomposition of the road freight carbon emissions from 1995 to 2006/107 tonnes (to be
continued) 
year effectCI effectTI effectLI effectSI o
1995-1996 -0.0060 0.1896 0.0960 -0.2505 
1996-1997 0.0096 1.1133 -0.1910 -0.3438 
1997-1998 0.0081 2.1161 -0.1980 -0.3309 
1998-1999 0.066 -463.859 -167.477 -443.603 
1999-2000 0.0024 -0.8921 -0.4629 -0.3245 
2000-2001 0.0088 1.4542 -0.0783 -0.1254 
2001-2002 0.0039 0.2578 -0.1146 -0.1769 
2002-2003 0.0151 0.0599 -0.3089 -0.3036 
2003-2004 -0.7467 0.3254 0.8732 -0.195 
2004-2005 -0.7534 0.1111 -0.138 1.5263 
2005-2006 1.7102 -0.1797 -0.1307 0.8105 
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Table 3. The complete decomposition of the road freight carbon emissions from 1995 to 2006/107 tonnes (to be 
continued) 
year m effectQI effectDI effectRI o
1995-1996 -0.3111 0.1235 -0.7441 
1996-1997 -0.2495 0.3818 -0.7829 
1997-1998 -0.2191 0.3093 -0.4831 
1998-1999 1063.5 7.4888 -2.3992 
1999-2000 1.2325 0.1831 -1.1296 
2000-2001 0.2671 0.1525 -0.8494 
2001-2002 -0.0047 0.1522 -0.5107 
2002-2003 0.5224 0.0861 -1.0236 
2003-2004 -0.2961 0.3604 -1.0265 
2004-2005 -1.2941 0.387 -1.1661 
2005-2006 -1.0128 0.410 -1.269 
Table 3. The complete decomposition of the road freight carbon emissions from 1995 to 2006/107 tonnes 
year m effectII effectGI CE'
1995-1996 0.0496 0.9731 0.12 
1996-1997 0.0497 0.6826 0.67 
1997-1998 -0.0367 0.5144 1.68 
1998-1999 -9.679 16.0848 0.16 
1999-2000 0.6569 0.8942 0.16 
2000-2001 0.0311 0.9795 1.84 
2001-2002 0.0929 1.0301 0.73 
2002-2003 0.0524 1.4201 0.52 
2003-2004 -0.1384 2.0537 1.21 
2004-2005 0.1988 1.9884 0.86 
2005-2006 0.211 2.4306 2.98 
Table 3 shows the contribution of carbon emissions related to China's road freight energy consumption 
factors for carbon emissions (some data between 1998 and 1999 seems unusual, and that can be explained 
by the change of the statistics diameter in the road freight transport sector). From Table 3, we can draw 
the conclusion that the level of domestic economic development is a main factor of road freight carbon 
emission growth, and its contribution is the largest share; it is followed by the correlation between road 
freight transport and industrial development; next is the low level of vehicle technology, it also impacts 
on carbon emissions in the road freight transport sector; then is the scale and the number of road freight 
enterprises, that means the problem of the highway freight enterprises is also significant motivation for 
the road transport carbon emissions growth ; last but not the least are the level of industrial development, 
transport distance, vehicle load and carbon density. 
4. Prediction of road freight transport emissions based on PLSR method 
 Partial least squares regression (PLSR) is a commonly used method. It is a bilinear matrix model 
based on the X (independent variable) and y (dependent variable), which can be seen as being formed by 
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the external relations (that is, independent of X blocks and y blocks) and internal relationship (i.e., the 
link between the two). It works through creating a linear regression model about the latent variable of 
custom variable and the latent variable of the dependent variable, thus indirectly reflecting the 
relationship between the independent variable and the dependent variable. 
We select the following four influencing factors as independent variables:   is the gross domestic 
product (measured by hundred billion Yuan),  is the industrial output (measured by hundred billion Yuan),   
is the freight turnover of road transport sector (ten billion ton-kilometres), and   is the urbanization rate in 
China. (Data source is "China Statistical Yearbook 2010", National Bureau of Statistics) 
Then we calculate the correlation coefficient between the variables and the dependent variables, just as 
the following Table 4 shows. And we can easily draw the conclusion that there exist serious multiple 
correlations between variables. 
Table 4. The correlation coefficient between the variables and the dependent variables 
 x1 x2 x3 x4 y 
x1 1.0000 0.9960 0.9942 0.9765 0.9740 
x2  1.0000 0.9874 0.9651 0.9546 
x3   1.0000 0.9879 0.9859 
x4    1.0000 0.9922 
y     1.0000 
Still, MATLAB is used to write a program for PLSR, and finally there are two components identified 
by the principle of cross-validity, PLSR model is shown as follows. 
For comparison, we use Excel Data Analysis Tools to build a multiple linear regression model (MLR) 
based on the above data from the year 1995 to 2004. 
In these two models above, the unit of the road freight transport carbon emissions is ten million tons, 
the unit of GDP and industrial GDP is 100 billion Yuan, and the unit of the road freight turnover is ten 
billion ton-km.  
Then we need to check the quality of the above two regression equations. The simulated values and 
predicted values produced by PLSR and the MLR model are as shown in Figure 2. The annual average 
relative error of PLSR model and the MLR model 2005-2006 is 1.32% and 14.93%. It can be seen from 
Figure 2 that the prediction error of PLSR model is smaller than the MLR model, which implies PLSR 
model may be better than the MLR model one. So next, the PLSR model is used to predict the carbon 
emissions of road freight transport. 
This paper has set four economy growth scenarios:  
Scenario 1: This scenario assumes that China's average economic growth rate in the next five years is 
in accord with the "12th Five Year Plan", in which China's next five-year economic growth forecasted at 
7%. Although China's economic growth indicators between 2015 and 2020 is unknown, but according to 
the earlier indicators we can make smoothing forecasting, whose result is 6.2%.  
Scenario 2 and Scenario 3 refer to the predictions of the State Council Development Research Centre 
(Development Research Centre of the State Council,2003).  
Scenario 4 consults the expectation of International Monetary Fund (IMF) (International Monetary 
Fund, 2011). It can be seen that IMF’s expectation about China's economic development is the highest in 
the four scenarios.   
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Fig. 2. The actual values, analog values and predicted values of China's road freight emissions during 12 years (x-axis 
is from 1995 to 2006) 
The value of the industrialization rate adopts Zhou Zixue’s conclusion, who is the chief economist of 
the Ministry of Industry and Information Technology, He believes that after five years the proportion of 
industry in GDP is about 40%, and by 2020 China's industrial share in GDP is about 39%( Zhou 
Zixue,2011)..  
It has been proved that GDP and road freight turnover has a positive correlation(World 
Bank,1996).According to the 1995 to 2006 GDP and road freight turnover data, we could get the 
regression model Y = 2.7957 +0.3208 X, where Y is the road freight turnover (million ton-km), X is on 
behalf of GDP (trillion Yuan). The results are shown in Table 6. 
Table 5. The forecast of the economic growth 
Scenario 2010-2015 2015-2020 
Scenario1 7.00% 6.20% 
Scenario2 7.50% 6.80% 
Scenario3 8.20% 7.70% 
Scenario4 8.70% 8.30% 
Table 6. The forecast of the road freight turnover 
Scenario 2010 2015 2020 
Scenario1 15.56 20.70 26.99 
Scenario2 15.56 21.13 28.26 
Scenario3 15.56 21.73 30.23 
Scenario4 15.56 22.17 31.66 
In terms of the urbanization rate, we use the State Council Development Research Center of Economic 
predictions as well(Development Research Centre of the State Council,2003)., 2010, 2015 and 2020 
urbanization rate is assumed respectively to be 49%, 54% and 58%. 
In terms of the urbanization rate, we use the State Council Development Research Center of Economic 
predictions as well (Development Research Centre of the State Council,2003)., 2010, 2015 and 2020 
urbanization rate is assumed respectively to be 49%, 54% and 58%. 
Four scenarios show that if effective measures for sustainable transport development not taken, by the 
year 2010 road freight will be as 1.27 times as that in 2006; by the year 2015 road freight transport carbon 
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emissions could reach 1.59-1.65 times of that in 2006; and by 2020 road freight transport carbon 
emissions may leap to 1.96-2.16 times of that in 2006. This will definitely have an significant impact on 
our country's energy supply and environmental protection. 
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Fig. 3. The road freight transport carbon emissions/107 tonnes 
5. Conclusions 
In this paper, we use Laspeyres complete decomposition approach in a time series way to build the 
road freight transport carbon emission decomposition model, and apply it to analyse the influencing 
factors of carbon emissions based on the data from 1995 to 2006, then generally get the following 
conclusions: (1) The level of the domestic economic development is the most important cause of the 
growth in the road freight carbon emissions. To solve this problem, the government ought to optimize the 
industrial structure, promote the economic development way that gives energy conservation priority, take 
the energy-saving technologies into account, and stress the implementation of energy-saving industry and 
policies; (2) Low level of vehicle technology is a secondary factor, and to achieve the target of reducing 
the amount of the contribution of this part , the  promotion of clean-energy freight vehicles is necessary ; 
(3) The problem of the highway freight enterprises is also significant motivation for the road transport 
carbon emissions. In order to solve this problem, the state should regulate these enterprises through policy 
means, and carry out the effective integration of road freight companies, which not only can reduce road 
freight transport carbon emissions but also can help road freight companies improve their competitiveness; 
(4) The level of industrial development, transport distance, vehicle load and the carbon intensity of road 
freight transport also have impact on carbon emissions to a certain degree, and to achieve the reduction 
targets of the road freight transport emissions mentioned in the 12th Five-Year Plan, the policies should 
be adjusted and offer convenience to the carbon reduction process. 
We also use the PLSR approach, and pick out four factors that have great impact on carbon emissions 
of road freight transport: GDP, industrial GDP, road freight turnover and urbanization to establish the 
PLSR prediction model for road freight transport carbon emissions. Then we forecast the carbon 
emissions in 2010, 2015 and 2020 under four scenarios. It could be seen from the predicted results that, if 
effective energy-saving measures not taken, by the year 2020 carbon emissions of road freight transport 
will be 1.96 to 2.16 times as much as that ,thus having a significant  impact on the national environmental 
protection. In fact, to reach the the reduction targets in the12th Five-Year Plan set forth by the Ministry of 
Transport, there is a need to actively develop clean energy vehicles in the road freight operations, 
meanwhile, optimize the transport organization and adjust industrial layout and transport structure. 
What’s more, while maintaining economic growth, it’s essential to control the road freight traffic growth 
as far as possible, so as to eliminate the unnecessary road freight transport distances. 
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